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2 (57) Abstract: Asystemandmcthodforaccniately locating and tracking the podtion of a 
^ body. In one embodimem, the system includes one or moieexdtable beacons p^ 

2 source thai remotely excites the beacons to produce an idenliGable signal, and a jrfurdHty of sensors qjaced^arl in a known geometry 
^ relative to each otheL A computer is coupled to the season; and configured to use the beacon meaiairemenls to idoilify a target 
O isocentcr within the taigct The computer compares the position of the laigct isoccntcr with' the location of the madrine isoccmcst 
> The computer also controls movement of the patioii and a patient support device so the target isoccntcr is comcidcot with the machmc 
^ isocenter before ^d daring radiation ther^. 
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GUIDED RADIAHON THERAPY SYSTEM 



TECHNICAL FIELD 

This invBiition. relates general^ to radiation therapy systems, and more 
parti r mlarly to systems and mediods for accurately locating and tracking a target in a 
5 bo<fy to >pviiic^ guided radiation llierqiy is de 

BACKGROUND OF IHE INVENTION 

Recent advances in radiation theraR^ are providing new avenues of 
effective treatment for localized cancer. These inclnde three-dimensional conformal 
external beam radiation, intensity modulated radiation therapy (MKT), and 

10 stereotactic radiosurgery and brachyflifin?>y. These newer treatment modalities 
deKver greater doses of radiation to tiie tumor, v^*ich accounts for Ihdr increased 
effectiveness when conq)ared to standard external beam radiation tilery. 

To achieve contimied hnprovements in tiie manng f rnent of localized 
cancers with radiotherapy, fiirfher dose escalation is necessary becanse a dose. 

15 response relationship for radiotiier^y exists for most cancers. However, wilh the 
increased dose of delivered radiation comes the potential for increased complications 
to heahhy tissues, unless measures are taken to reduce die amount of adjacent normal 
tissue irradiated. Effective radiation treatments are dependent upon both total dose of 
radiation and the volume of normal tissue irradiated around die tumor. Therefore, as 

20 the radiation dose is mcreased, die vohnne of adjacent normal tissue kradiated must be 
decreased in order to keep an equivalent rate of effective radiation treatment 

To reduce tiie amount of adjacent normal tissue tiiat is irradiated, one 
must prescribe die radiation to die target widi a tighter treatment margin, tiiat being an 
area of healfty tissue around die target that receives tiie full dose of prescribed 

25 radiation. For exanqile, if die treatment margin for prostate cancer is too large, the 
yniirgiii may encouqtass some 

rectal, bladder and bulbar urednal tissues. It is highly 
deshable to provide a margm diat does not enconqiass diese importaitf tissues. 

It would be ideal to have no treatment margin at alL Some margin has 
been necessary, however due to day-by-diy variability in the initial radiation treatment 



wo 02/100485 PCT/DS02/17876 

. sebap and ddiveiy "wilii existing systems. Margins have also been needed to 
acwnmnodate for potential inteamal movement of a target mdiin liie palienfs body that 
can occur even wben. fte exterior portioii of 4e patient remains stationary. Several 
studies have documented and quantified fliat tumor motion in flie prostate occurs 

5 during radiation treatment primarily due to the patienf s br eathing, and due to natural 
rectal and bladder fi^lwig and enq)tying. Without some treatment margin , the potential 
casts that the tumor itself could move out of the treatment volume. 

in addition^ if the patient is set np so the radiation beam is initially off 
ta^et, or if flie target moves during treatment, die beam hits more of the normal tissue 

10 and causes increased collateral damage to the normal tissue, as weB as potentially 
under-dosing the target It is highly deskable to prevent as mnch collateral damage to 
normal tissue as possible. Urns, day-by-day, minute-by-minute changes in radiation 
treatment setup and target motion have posed serious challenges when dose escalation 
is attenqrted wrdi current patient setap processes. 

15 Current patient settq) procedures are rdiartt i?>on aHgmnent of external 

reference maddngs on the patienf s body with visual alignment guides for the radiation 
delivery device. As an example, a tumor is identified within a patieufs body wifli an 
imaging system, such as an X-ray, computerized tomography (CI), magnetic 
resonance imaging (MEO), or ultrasound system. The approximate location of a tumor 

20 in tiie body is aligned with two or more aligmnent points on die eacterior of die 
patient's body, and external marks are written on lh.e patient's sldn to mark die 
alignment points. 

During die patient sdsxp far radiation treatment, the external maiiks are 
aligned wifli a reference system of die radiation delivery devices. His setap process 

25 attenqrts to accuratety positicm die treatment target (or patient) isocenter widun the 
body at a position in space \ndiere the radiation beam is focused, known as die machine 
isocenter. By precisely positioning the treatment target widi respect to die machine 
isocenter, die effective patient treatment volume within the body is accurately 
registered (ca positioned) to the radiation therapy treatment plan locatioiL however, 

30 the target has moved relative to die extenialinarks, then die target inay be offeet from 
the machine's isocenter, even when the external aligning devices and marks are 
properly aligned. Accordmgfy, the doctors and technicians cannot tell how fer the 
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target has actually moved relative to the machine's isocenter. As an example, studies 
have dbcumeoted target displacements of iq) to 1.6 cm between two consecndve days 
of prostate radiotherapy treatoDOt Siibstaiitialtargetdiq)lacement of hing to 
very short pedod has also been docmnented because of the patLeofs breathing 
5 and hearfteats. Snch iutemal motion of flie target can cause inaccurades in treatment 
deliveries, so larger margios of healthy tissue are prescribed and irradiated to 
compensate for likely internal target motions. 

SUMMARY 

Under one aspect of the invention^ a system and methods are provided 

10 for accurately locating and tracking the actual position of a target within a body in 
preparation for and during radiation therapy. In one embodnnent, the systmi is usable 
with a radiation delivery source that delivers a selected dose of radiation to the target 
in the body when the target is positioned at the machine isocenter of die radiation 
delivery source. The system includes a beacon fixable in or on the body at a selected 

15 position relative to the target, such as in or near the target The beacon is excitable by 
an external excitation source to produce an identifiable signal while affixed in or on 
the bo^. A sensor array wifli a plurality of sensors is provided external of the body, 
and die sensors are spaced apart in a known geometry rdative to each other. 

A data-processing unit is coi5)led to the sensor array and is configured to 

20 use the measurements firom the sensors to determine the actual location of the beacon 
and a target isocenter wifliin the target relative to the sensors. A reference marker is 
also coiqiled to the radiation delivery device, at a known position rdative to the 
device's machine isocenter. The reference marker provides a measurable signal for 
detemiming the position of the reference maakex and the machine isocenter relative to 

25 the sensor array. The data-processing unit is configure! to con5)are the position of the 
target isocenter with the position of the machine isocenter in real time to determine 
whether the patient is properly setup for the radiation therapy. 

Under another aspect of the invmtion, a monitoring system is coiipled to 
the data-processing nnit and has a feedback portion configured to provide feedback 

30 information about the actual position of die target isocenter relative to the machine 
isocenter. In one embodiment, the feedback portion provides a visual and/or numeric 

3 
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represenlatim of fee positions of fee machine isocenter and target isocenter relative to 
eadiofeer. This n^ireseiitation inay feen be nsed to adjust fee position of fee target 
isocenter before or feiring feerapy. In anofeer embodimenl, fee feedback portion 
provides a visual and/or numeric display of fee real-time movement of fee target 
isocenter relative to fee machine isocenter. Additionally, fee feedbadc data may be , 
used to automatically alert fee operator of patient or target movement beyond 
acceptable limils. In a titird embodiment, fee feedback data may be used to 
automatically adjust. &^ °^ shutoff fee radiation feerapy Ireatment for normal (i.e. 
req»iiatian) or unplanned patientmotion. 

Under anofeer aspect of fee invention, an adjustable patient si^ort 
assembly is combined wife fee tracking and monitoring system for use wife fee 
radiation deHvery system. Hie support assembly includes a base, a support structure 
movably attached to fee base, and a movement control device connected to fee support 
structure in order to selectivdy move the support stnicture relative to fee b^^^ Hie 

plurality of sensors spaced apart fiom each ofeer are coupled to fee base in a fixed 
location relative to fee base. The data-processing mut is coupled to fee sensors to 
receive fee signal measurement data from one or more beacons in or nect to the target 

Hie dala-procesSng miit is configured to use fee signal measurement data for each 
beacon to determine fee actual location of fee beacon and target isocenter wifein fee 
target The data-processing mnt is configured to identify fee location of fee target 
isocenter relative to fee machine isocenter. The movement control device is coupled 
to fee data-processing miit and is adapted to position fee target isocenter coincident 
wife the machine isocenter in req)onse to data from die data processing unk 

Under anoflier aspect of the invention, a mefeod is provided for 
delivering radiation feer^ on a selected target wifein a bo(fy. Ihe mefeod includes 
positioning an excitable beacon at a sdected position relative to the target, exciting fee 
implanted beacon wife an excitation source external of fee body to produce an 
identifiable beacon signal and measuring fee beacon signal from fee beacon wife a 
plurality of sensors exterior of fee body, positioned in a known geometry relative to 
) eachofeer. Tbe mefeod also includes determining fee location of fee beacon and a 
target isocenter infec body relative to the sensors based i?)on the measurements of fee 
beacon signal from fee sensors. The mefeod fiirfeer mcludes determining die location 
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of a machine isoceotBT of the radiation deliv^ assembly relative to the sensors and 
relative tx> tiie target isoceoter, and positioning the body relative to tiie radiation 
delivery device so tiie target isocenter is coinddmt tvitii tiie machine isocenter. 

Radiation tiio^y is tiien ^plied firom tiie radiation deliveiy device to tiie treatment 

f ' ■ - 

5 volume about the target isocenter- 

In yet anotiier aspect of tiie invention, a mefliod is provided for 
positioning a body relative to a radiation delivery device for delivering radiation 
therapy to a treatment volmne at a target isocenter within tiie body. The body has a 
selected target tiieaieiQ, and at least one excitable beacon is positioned in a known 

10 position relative to tiie target The metiiod includes positioning the body on a movable 
si^jport assembly adjacent to a plnralily of sensors, and enCT girfng the excitable 
beacon witii an excitation source exterior of the body. The excited beacon provides an 
identifiable beacon signal The beacon signal is measured wifli the plurality of sensors 
positioned exterior of the body and in a known geometry relative to each other and 

15 relative to the movable siq)port assembly. The location of the beacon and a target 
isocenter within the treatmeDt volume is determined based on the measurements by tiie 
sensors of the betacon ff'gnal The location of tiie target isocenter is also determined 
relative to the plurality of sensors and relative to the machine isocenter. The location 
of tiie target isocenter is compared to the location of the machine isocenter, and if tiie 

20 two isocenters are not coincident with each other, a portion of tiie support assembly 
moves the body and target to position the target isocenter coincident witii the machine 
isocenter. 

. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic side elevation view of a target locating and 
25 monitoring system in accordance with an embodiment of tiie present invention. 
Excitable beacons are shown implanted in or adjacent to a target in a patienf s body, a 
sensor array is shown exterior of tiie patient, and a radiation dehvery device is shown 
in a position to apply radiation therapy to the target witiiin the body. 

Figure 2 is a schematic top plan view of the patient on a movable 
30 support table, with tiie implanted beacons, tiie target and tiie sensor array shown in 
hidden lines. 

5 
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Figure 3 is an enlaiged side devadcm view of one embodiment of a 
single-axis beacon nsable in liie system illustrated in Figore 1. 

Figure 4 is an enlarged side elevation view of one embod iment of a 
three-axis beacon usable in the sy^m of Figure L 
5 Figure 5 is an enlarged isometric view of anotixer embodimmt of a three- 

axis beacon usable in Hie system of Figure L 

Figure 6 is an enlarged partial schranatic isometric view of the target, 
three beacons implanted in or near the target, an ©iemal excitation source, flie sensor 
array, and a computer ccmtroller infhe system of Figure 1. 
10 Figure 7 is a schematic isomeric view af an altanate embodin 

sensor array in the system of Figure 1. 

Figure 8 is a geometric representation of two intersecting spheres 
representing data for determining a beacon's position relative to two sensors. 

Figure 9 is a geometric representation of four intersecting spheres 
15 representing data for determining a beacon's position relative to four sensors. 

Figure 10 is a schematic isometric view of a target in a body shown in 
phantom Knes in a first position and shown in solid lines in a second, different 
position within the body. 

Figure 11 is an enlarged isometric view of the momtoring system of 
20 Figure 1 showing a simulated target, simulated beacons, and a simulated target 
isocenter shown in phantom lines on a display screen, and actual beacon locations and 
target isocenter locations shown in solid lines on the display screen. 

Figure 12 is an isometric view of the monitoring systraa of Figure 11 
with the simulated and actual beacons shown aligned with each other, and the machine 
25 isocenter and target isocenter coinddent with each other. 

Figure 13 is a simulated isometdc view of a target and beacons 
illustrated on the monitoring system, and the target is shown in a first target condition. 

Figure 14 is a simulated isometric vijew of the target and beacons of 
Figure 13, and the target is shown in a second condition representing a change in the 
30 target size or condition relative to tiie beacons. 
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Figure 15 is a side elevation view of an alternate embodiment of the 
present invention vnSx surface beacons-mounted to an external sm&ce of the patienf s 
body and in atignmmt widi each other and the target 

Figure 16 is a top plan view of all of the patient with the sur&ce- 
s mounted beacons of Figure 15 mounted thereon. 

Figure 17 is a schematic flow diagram of a radiation delivery process for 
delivering radiation treatment to a target utilizmg the system of Figure 1. 

DETAILED DESCRIPTION 

Figures 1-17 illustrate a system and several coniponents for locating, 

10 tracking and monitoring a target within a bocfy in accordance with embo diments of the 
presmt invention. The system and components are usable to locate, track, monitor, 
and evaluate a target for application of a selected therapy to the target, such as guided 
radiation fher^. Several of the components described below with reference to 
Figures 1-17 can also be used in systems for performing methods in accordance with 

15 aspects of the presrat invention. Therefore, like reference numbers refer to like 
components and features throughout the various figures. 

Referring to Figures 1 and 2, one aspect of the present invention 
provides a system 10 configured for use in applying guided radiation fher^y to a 
target 12, such as a tumor, within the body 14 of a patient 16. The system 10 allows 

20 the target 12 to be located wifliin the patienf s body 14 and tiie actual position 
monrtored in real time while applying ionizing radiation therapy to the target from a 
radiation delrveiy source 18. The target 12 may move within the body 14 because of 
hreaflting, organ filling or emptying, or other intemal movement The target motion is 
tracked and monitored relative to the radiation beam to insure accurate delivery of 

25 radiation to Ihe target 12 and, if needed, only a mtTiiTrmTn margin around tiie target 
While the system 10 is discussed below in connection with guided radiation therapy 
for radiation of a tumor or other target, the system can be used for tracking and 
monitoring otiier targets within a body, such as for other therapeutic or diagno stic 
purposes. 

30 The radiation delivery source 18 of the illustrated embodiment (Figure 

1) is an ionizing radiation device, known as a linear accel^glDr, but Qould be any . . _ 

7 
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radiatioa fterapy deUvery device. OflifiT 

nsed, including such devices mannfectaed by Varian Medical Systems. Inc. of Pab 
Alto Califomia; Siemans Medical Systems, Inc. of Isdin. New Jersey; Electe 
msti^ents. mc. of Iselin, New Jersey, or Mitsubishi Denki Kabushik Kaisha of 
5 J^an. SiKit devices are nsed to deHver conventional single or nruW-fieldradi^ 

ftfirapy. 3D coirfatmal radiation &erw (3D CRU inverse modiilated radiation 
tfaer^OMRnstereolBcticradioflifiiaiv.tomol^ Ibis is done in conjunction 

wilt a variety of ti^atoent planning software systems. 

Tbe radiation delivery source 18 deUvers a gated, contoured or sh^ 

10 beam 19 of ioni^g radiation from a movable gantry 20 to a area or votame 
referenced to a point at a location away from die gantry. Ibis point in space, referred 
to as a machine isocenter 22. is the poiut to which tiie ionizing radiation beam 19 is 
configured about as determiiied by indnstiy standard treatment plamung processes. 
Tbe system 10 allows die target 12 to be accurately positioned at die machme 

15 isocenter 22 so die ionizing radiation is accurately deUvered to the target 12. Hie 

system also allows die targefs actnal position relative to flie machine isocenter 22 to 
be monitored during die radiation therapy so as to minimize collar 

healthy tissue surroundmg die target 

20 The iUnstrated system 10 includes a plurality of beacons 30 positioned 

in or adjacent to die target 12 to mark the target's actiial location in die body 14. 
Accordingly, tiie beacons 30 are maikersm. on or near die body. In one example,die 
beacons 3D may be attached to patient-immobilization devices at known locations 
relative to die tiealment isocenter. Tbe beacons 30 are energized or exated by an 

25 excitation source 32 positioned exterior ofdie patient's body 14. When die beacons 
30 are exdted, diey each resonate at a selected unique frequency and generate a low 
energy radio-frequency magnetic signal measurable from outside of die body 14. The 
signals from tibfi beacons 30 are detected and measured by an array 34 of sensors 36 
located erirnor of die patient's body 14. Tbe sensors 36 are posrdoned in a fixed. 

30 selected geometry relative to each odier. so die array 34 defines a fixed reference 
coordinatesystemfromwhichlocatianandmovementaiecalculated. Hiesensors36 

are operatively coiq,led to a computer controller 38 m receives die measurement. 
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infamifrtinn fiom each sensor and detennines liie actual location of flie beacons 30 

wifbin tiie patieiitls body 14 rdative to flie sensors. 

In one embodimeni, the compntBr controller 38 includ^^ 

to define and determine Ae location of the target isocenter 40 wifirin &e target 12, 
5 based upon Ac signal mcasuranents by the sensors 36 from flie resonating beacons. 
Ill anoliier embodiment, the location of tbe target isocenter 40 -within the target 12 is 
selected, and tiie con^uter controller 38 utilizes position information about the 
position and/or arieniation of each beacon 30 relative to the selected target isocenter. 
The target isocenter 40 is the point or positicHi within the target to which tiie shaped 
10 dose of radiation is configured aromd or referenced to as determined by a trealme^ 

planning process. In one embodiment, tiie sensors 36 are polled twelve or more times 
per mimite to tiack flie actual position of flie target isocenter 40 wifliin tiie patient's 
body 14 relative to the sensor array 34. Accordingly, tiie actual position of tiie target 
12 and tiie target isocenter 40 can be monitored in real .time when tiie patient is 

15 positioned adjacent to tiie sensor array 34. 

The actual position of tiie target isocenter 40 is compared to tie position 
of flie machine isocenter 22 relative to tiie sensor array 34. The illustrated system 10 
has a reference device 42 positioned on tiie gantry 21D of tiie Imear actuator or anotiier 
selected position on a radiation tiierapy delivery device used in alternate embodiments. 

20 In tiiese alternate embodiments, tiie otiier radiation tiierJ5>y delivery device can i^^ 
cobalt machines, a Gamma Knife, a Cybedcnife, specialized stereostatic radioflierapy 
devices, or a TomoCT assembly (which utilizes a linear actuator in a CT scanner). 
The reference devise 42 is positioned at a known spatial or geometric relationship 
relative to flie machine isocenter 22. Ihe reference device 42 in one embodiment is a 

25 resonating, fliree asds, single frequency beacon fliat provides a measurable signal 
detectable by tiie sensors 36 in flie airay 34. The reference device 42 in altemale 
embodiments can be positioned in a remote location away from the gantry 20. In 
either embodiment, tiie location of the machine isocenter 22 relative to flie sensor 
array 34 can be calculated vpm determining tiie position of tiie reference device 42 

30 relative to tiie sensor array. The sensors 36 provide tiie measurement data about tiie 
reference device 42 to the conqrater controller 38, and tiie computer controller 
calculates tiie location of tiie machine isocenter 22 relative to the sensor array 34. 

9 
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The location of liie target isoceatBr 40 relative to the soisor anay 34 is 
con^ared to fiie position of fte machine isocenter 22 relative to liie sensor array. If 
file target isocenter 40 and machine isocenter 22 are spatially misaligned such liiat flie 
two isocenters are not ihree-dimensionally coincident ^vifli each other, tiie patient 16. 
5 and/or target 12 can be moved relative to Ihe machine isocenter 22. The target 12 

position is moved nntil tiie target isocenter 40 is coincident ^vitil the machine isocenter 
22. Once the target" and madiine isocenters 40 and 22 are acceptably ahgned,th^ 

radiation delivery source 18 canbe activated to provide the ionizing radiation beam 19 
referenced to the target isocenter. thereby irradiating tiie target accordmg to aradiation 
10 treatment plan, v^hile minhniziag or eliminating colkteral damage 

surrounding the target 12. The actual location of tiie target isocenter 40 can also be 
monitored in real time during tixe radiation tiierapy to ensure that tiie target isocenter 
does not move an imacceptable amount relative to the machine isocenter 22 and allow 

for treatment when fl»e treatmait isocenter and the machine isocenter are witiun _ 

15 acceptable displaoement limits. 

hi tiie ilhistrated embodhnent, die system 10 also mdndes a monitormg 
assembly 44 coupled to the computer conlroUer 38 tiiat pr<^des feedback data to a 
user interfece for the doctor or technician operating tiie system and/or the radiation 
dehvery device 18. As an example, the monitormg assembly 44 can provide ftfi 

20 feedback data as a visual representation of the target isocenter's position in tiiree- 
dimeaisional space relative to tiie machine isocenter's position m real time as the 
patient is bemg set iq* and positioned for tiie radiation therapy. The monitormg 
assembly 44 can also provide other feedbadc data to tiie user interface mclnding. for 
exanq)le, confirmation of sehq, completion, gr^hical mformation. patient 

25 information, radiation treatment plan mfc^mation. or otiier information ti^ 

utilized during the guided radiation therapy process. 

Figures 3-5 illustrate excitable beacons 30 of alternate embodhnents 
Tisable in die system 10. One of die beacons 30 shown in Figure 3 is an inQ)lanteble. 
single-axis, resonating beacon 31 havmg a ferrite core 46 wrapped by a conductive 
30 ,windmg48. andtitewmdmgiscomiectedtoasmallc^acitor50. The beacon 31 is 
configured to be energized by the external excitation source 32, which produces an 
electromagnetic field. This electromagnetic field causes die beacon 31 to resonate at a 
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prcdetenmned freqaeooy. thereby providing a signal of sufficient intensity to be 
measured by the sensors 36 (Figure 1) fixm outside of the body. A biologicaUy inert 
coating 52 encq)sulates fte ferrite core 46, flie winding 48, aod flie cspaatar 50 so as 
to provide a small, self-contained, wireless excitable beacon 31 fliat can be 

5 pennanenfly inq)lantBd into fte patient In this embodiment, flie beacon 31 is 
"wireless" because it need not be physically connected via wires to an outside energy 
source toi generation or communication of the beacon signal In one embodiment, the 
beacon 31 has a lengfli of only ^projdmately 5 mm and diameter sized to fit throng 
an qjplicator needle. The beacon 31 in other embodiments canMve difEerent sizes as 

10 needed far flie desired ccHifignration of the beacon signal. 

As best seen in Figure 4, another one of the exdtable beacons 30 
includes a toee-axis, wirdess, resonating beacon 52 wifli three signaling portions 5^^ 

Each ^ gnaling portion 54 is positioned axially perpendicular to the other two 
signaling portions. Accordingly, &e three signaling portions 54 define an X, Y, Z 

15 reference coordinate. Each of flie signaling portions 54 includes a ferrite core 46, a 
winding 48 around the feirite core, and a small c^adtor 50 connected to each 
winding. Each signaling portion is configured to be energized by tlie external 
excitation source 32, and to resonate at a frequency different than the resonating 
frequency of the other two signaling portions. 

20 In one embodiment, as iUustrated in Figure 4, the three-axis beacon 52 

includes a biologicaUy inert coating 56 that enc^sulates all tee of the signaling 
portions 54, so the beacon can be permanendy implanted in the patient's body. When 
flie beacon 52 is energized by the external excitation source 32. each of the beacon's 
signalmg portions resonates at its sdected frequency and provides flie measurable 

25 beacon signal at an intensily so it can each be measured by flie sensor array 34 
(Figure 1). Frequency multiplexing by the conqniter controller aUows the computer 
controller 38 to differentiate between the beacon signak fi^m the different signaling 
portions of the beacon when calculating the beacon's position and orientation relative 
to the sensor array. 

30 As best seen in Figure 5, another embodiment of the beacon 30 includes 

a cube-sh^ed beacon 58 wilh a smgle fenite core 60 and three sets of windings 62 
axially ariented perpendicular to each oflier to define die X,,. Y, and Z axes for the 
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beacon. Each Avindiiig 62 is connected to a small c^acitor 64 and configoredto 
resonate at a frequency difiEerent ftanlhe oliier two windings. Accordingly, the cube- 
skaped beacon 58 is also a wireless, linee-axis, resonating beacon. 

In one embodiment, the wireless, excitable beacons 30 are configured to 
resonate and provide a measurable signal wiiiiin the frequency range of approximalely 
lOkHz to 200kHz, inclosrve. In olber embodiments, the beacons 30 can be self- 
containBd, powered marters lhat include a power source, such as a battery, that 
provides sufficient power to produce Ihe measurable identifiable beacon signal. In 
other embodimenls, flie beacons 30 can be "wired" beacons connectable via wires to a 
selected power or exdtatian source to allow Hit beacons to generate flie raiique 
beacon signal The beacon signal can be imiqoe as a function of frequency (ht., 
frequency multiplexing) as a function of time or time multiplexing. 

In selected ^hcations, a single beacon 31, preferably a singleaxis 
beacon, is mq)lanted in flie target 12, and the intensity of the signals from the single 
resonating beacon is used to detennine the target location information relative to Ihe 
sensor array 34. In altemate embodiments, two, three, or more beacons 30 are 
implanted at known locations m or adjacent to the target Each beacon 30 produces its 
unique signal relative to tiie other beacons, so the sensor array 34 difBsrentiates 
between the beacons by frequency multiplexing. The sensor array 34 measures the 
intensity of the unique signals from the beacons 30. The signal intensity 
measurements are converted for use in geometric calculations (discussed in greater 
detail bdow) to accurately determine the actual three-dimensional location PC Y, Z) 
and possibly the angular orientation (pitch, yaw, roU) of the beacon relative to Ihe 
sensor array 34. 

Referring again to Figure 1, tiie Systran 10 includes tiie excitation source 
32 tiiat generates a magnetic field for exciting tiie beacons 30. The excitation source 
is positioned in a selected location relative to the target 12 and close enough to Ihe 
beacons 30 so the emitted magnetic field has sufficient mtensity to acceptably 
energize tiie beacons. In the ilhistiated embodiment, & plurality of beacons 30 are 
pennanenfly uiq)lanted withux die patient* s body 14 in or axigacent to die target 12. In 
one embodimenl, tiie computer controller 38 provides a separate driver circuit for the 
excitation source 32 for each beacon 30, so as to selectiydy excite tiie respective 
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beacon at.lhe selected fteqaency. The ejccitadon soiirce 32 in one embodimfint is a 
liiree-dimfaisional, AC magnetic field source fliat generates three-dimensional 
magnetic fields m the X Y, and Z axes. This excitation source 32 provides one 
source coil fijr eaich beacon 30, and the electric current driven Ihrongh the source coil 

5 generates the AC magnetic waveform tuned for the respective beacons, hi another 
embodiment, the source coil (or coils) m the excitation source 32 is provided by a 
coils configured to generate the nrultiple or scanned excitation frequency fields for tib.e 
respective beacons 30. 

Figures 6 and 7 are schematic isometric views of sensor arrays 34 

10 pbsrtionable exterior of the body (Figure 6) and spaced apart fix)m the beacons 30 
positioned in or near the target 12. hi these illustrated embodiments, .three beacons 30 
are shown implanted in or near the target 12. As seen ia Figure 6, Ihe sensor array 34 
includes a fi^e 70 that supports a plurality of sensors 36 iu a fixed and known 
gecMnetry relative to each other along X, Y, or Z axes of a reference coordinate system 

15 72. Hie position of each sensor 36 on the fi:ame 70 relative to the reference 
coordinate system 72 is fixed and defines fixed reference points for obtaining 
measurement data used by the computer controller 38. In the embodiment of Figure 6, 
the fiame 70 supports the sensors 36 so the sensors are positioned in a single plane. In 
the embodiment of Figure 7, the frame 70 is shaped to siq)port the sensors 36 m two 

20 orthogonal planes, so the sensors 36 are oriented along the X, Y, and Z axes of &e 
reference coordinate system 72. According, the sensor array 34 provides the fixed 
reference structure from which measurements are taken and calculations performed to 
determine tibie relative positions of the target 12, the target isocenter 40 and the 
machine isocenter 22. 

25 Tlie illusfrated embodunents of Figures 6 . and 7 utilize "wireless" 

beacons 30, so frequency multiplexing is utilized to distinguish the signals from the 
difEerenl beacons. Each sensor 36 is a three-axis sensor that measures the absolute 
beacon sig nal strengths from a respective one of the beacons 30 relative to the X Y, 
and Z axes. Hie absolute pignal strength of the beacon signal along each axis in the 

30 reference coordinate system 72 is measured by flie sensors 36 for each beacon in order 
to detmnine die X, Y, and Z position of each beacon. 

13 
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It is known lhat flie strengfli of a magnstic field decreases at a ratio 
proportional to Ihecaibe affile distance fomAesouTM^ According, flie distance of 
Uie beacon from the sensor can be detennined based upon flie beacon's signal strenglk 
The geometric relationship from the beacon to a series of sensors that are spaced at 
known locations relative to each other is used to solve a series of equations wifli one 
unique lesolt Accordingly. &e distance between the beacon 30 and the sensor 36 
calculated by the computer controller 38 based on the beacon's signal strengfli 
measured by the respective sensors and iterated for a best fit solution to the geometric 
equations. 

The precise location of a beacon 30 in space relative to flie sensor array 
34 can be calculated based upon flie distances between that beacon and at least four 
separate three-axis sensors spaced apart from each other inihe array. "Ihe absolute 
xnagnitude of tiie distance from the three-axis sensor is detennined by squaring die 
eadi of tiie three axis magnitudes (x. y, and z orientations), adding die results and 
finally taking tiie square root for the distance resultant As an example, die distance 
between one sensor 36 and one of the beacons 30 corresponds geometrically to die 
radius of a sphere. Figure 8 shows two illuslrative spheres 100 with the center points 
102 each defined by a separate sensor 36. When two spheres 100 intersect, die 
mtersection defines a circle 104. So, it is known tiiat die beacon is located at some 
point on that circle. When diree spheres 100 intersect, shown in Figure 9, die 
intersection defines one erf two points 105 where die beacon is located on diat line. 
. When four spheres 100 intersect, tiie mtersection defines a single point 108 in space 
corresponding to tiie precise position of die beacon 30 in space relative to the sensor 
array 34. 

In an embodhnent using a smgle beacon 3 0 implmttd m a target 12. die 
sensor array 34 can include only four tiiree-axis sensors 36 to determine tiiat. beacon's 
position in space. Smce tiie signals are frequency multiplexed and multiple 
frequendes m^ be received witii each sensor coil and each individual frequency 
component may be examined by processing tiie combined signal widi a fest Fourier 
transform (FFT) in tiie control electronics, multiple beacons may be located witii die 
same sensors. In tiie embodiments witii tiiree or more beacons 30 positioned in or 
near tiie target ,12, tiie sensor array 34 is configured at known , geometric orientations 
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relative to the reference coordinate system 72, so that llie beacon signal measurements 
can be nsed by the camputer controller 38 to calculalje the angular orientation of the 
treatment volume (Le., fee piich,yaw and roE) in space relative to the reference 
coordinate system 72 by nsing the three sets of tee dimensional data (x, y, and z 
from the single axis beacons). Based iqjon the position of fee beacons 30 relative to 
the target, the location and angular orientation of the target 12 can be determined by 
the conpputer controller 38. 

The beacon signal may be separated from the siignal gen^ted by tiie 
excitation source 32 via signal processing software or dectronics in a number of ways. 
In one embodiment, tiie excitation source 32 is tmned or gated "on" to excite the 
beacon and tiien tamed or gated "ofT to aflow for measurement of the beacon 
response vvithout interference by the signal from the excitation source. The beacon 30 
will continue to resonate ster the excitation source 32 is gated "off* for a period 
determined by the sensor's electric inductance, capacitance and series resistance. In 
another enibodiment, the system is operated in continuous wave (CW) mode were die 
excitation source 32 remains "on" during measurement of the beacons 30. Hie beacon 
signal is 90 degrees "out of phase" wifli the signal from the excitation source, so die 
beapdtt signal is removed from the cxdtotion signal The time of the zero crossmg of 
die excitation signal is known and die remainmg beacon signal will be at its peak 
intensity at tiiat time. In a third embodiment, die output frequency of flie excitation 
source's signal is continuously varied or scanned to maximize die excitation of die 
beacons 30 which results in a maximum beacon signal while miniTni7 ; iTig or 
eliminating unwanted excitation signal 

The position of each beacon 30 relative to die target 12 and relative to 
die target isocenler 40 is also calculated or determined. In one embodiment, die target 
isocenter 40 in die target 12 is chosen first based rxpaa imagmg data about die target 
provided by an imaging system, such as a CT scan, MRI, ultrasound systeno. or 
nuclear imflgitig system (e.g. positron emission tomography). Once die target 
isocenter 40 is selected, the position of each in^jlanted beacon 30 is measured relative 
to die target isocenter 40. The position of die target isocenter 40 is tiien determined 
relative to die reference coordinate system 72 based iq)on defining the location of each 
beacon 12 relative to die reference coordinate sj^stem. . 
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In anoflier embodiment, Ihe target isocjenter 40 is defined as a fimcdoa 
of Ihe beacon locations relative to flic target 12. Hie beacons 30 are selectively 
posMoned in ornear the target 12 and the orientation of the beacons is used to define 
and calculate Uie target isocenter. Thns, iiie target isocenter 40 wifliin flifi target 12 

5 can be defined and its position detennined relative to beacons .30 and Ihe reference 
coordinatE system 72 even if the beacons 30 are not actually implanted within or even 
immedialdy adjacent to the target 12. The beacons 30 are. however, positioned close 
enough to the target 12 so that if flie target moves, the target and beacons move 
together snbstendally as a miit TTietefore. movement of the target 12 is monitored by 

10 tracldngnKwementofthe beacons 30 relative to die sensor array 34. 

Hie system 10 is configured to track motion of the target 12 in real time. 

When tiie portion of the patientfs body 14 containing the target 12 and beacons 30 is 
positioned a^acent to die sensor anay 34 and the beacons axe energized, tiie computer 
controller 38 acquires data from each sensor 36 and outputs a result approximalely 12 
15 times per second. The conqrater controller obtains measurement data from tiie sensors 
36 and calculates the location of die target isocenter 40 relative to die sensor msy 
every five seconds. In alternate embodiments, die conqjuter controller 38 can measure 
tiie sensors 36 to monitor in real time die motion of die particdar target isocenter 40 
relative to tiie sensor array 34. The measurement i^date rate may be rednce as to 
20 allow for sufficient data averaging to reduce die measurement noise at die same time 
allowing far an adequate update rate for die nser. 

Figure 10 is a partial isometric view illustrating an aspect of die present 
invention diat indudes a siq»port table 76 diat movably siqjports die patients body 14 
under die gantry 20 and adjacent to tiie sensor array 34. The support table 76 is 
25 positionable below die machine isocenter 22. The support table 76 is movable to 
adjust die position of die patient 16 relative to die machine isocenter 22 until die target 
isocenter 40 is coincident widi die machine isocenter. The sensor array 34 may be 
placed on, under, or connected to tiie support table 76. Alternatively, it may be 
mounted to die linear accelerator's gantry at a location sufScientiy close to any 
30 beacons 30 (implanted, external or gantry) diat are to be located. In tins alternate 
embodiment widi die sensor array 34 mounted to tiie linear accelerator, die position 
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fom the machme isocenter 22 to lie senscjr anay will be known, so liiat a separate 
gaudy beacon 42 may not be used. 

As best seen in Figures 1 and 10, the support table 76 has a base 88 and 
a tabletop 90 movably supported to the base for linear and angular movement relative 
to the sensor anay 34. Amovement control system 78 is connected to the tabletop 90 
to control movement of the tabletop and the patient 16 relative to the machine 
isocenter 22 and the sensor array 34. The control system 78 is also coiq)led to flie 
compnter controUer 38, and the con^niter controller 38 is programmed to activate the 
control system 78 to adjust fte linear or angular position of the patient. In one 
embodiment; fte tabletop's position moves in response to an authorized user such as 
doctor, physicist or technician aptivating the control system, or automatically in 

response to instructions provided by die computer controller 38. 

Once flie target 12 is positioned so the target isocenter 40 is coincident 

with the machine isocenter 22, ionizing radiation can be selectively and very 
accurately delivered direcfly to the target area or volume. AppHcation of the radiation 
thereto ftfi target 12, can be provided at the selected dosage and intensity with 
predse accuracy, vMe potentially mimmizing flie margin needed around die target 
hi one embodhnenl; die actaal position of the target isocenter 40 is substantially 
contimiously momtored and tracked rdatrve to the machme isocenter 22 dnrmg 
delivery of fiie radiation therapy. If the target isocenter 40 moves away from the 
machine isocenter 22 beyond an acceptable range of displacement distances, tiie 
conq)uter controller 38 provides a signal to die radiation delivery device to interrupt 
the radiation thereto the target The target's position can then be adjusted mamially 
or antomatically until die target isocenter 40 is again coincident widi die machine 
isocenter 22, and radiation therq»y can resume. In one embodiment, the computer 
controller 38 is programmed so that if tiie target isocaiter 40 moves from die machine 
isocenter 22, but die distance of movement does not exceed die acceptable range, the 
computET controller 38 will not interrupt die radiation dierapy. This range of 
movement is dependent iq)on many factors, such as die target type (e.g., prostate, 
lung, liver), target size, target location, beam shape/size, and die radiation treatinent 
plan. 
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Tracking of tiie target isocenter's positioa is fecilitated by the monitDrmg 
assembly 44. wHch is coiq)led to tiu^ conpita coiA^^ Figures 11 and 12 

innslrate a feedback portion 80 of Ihe monitoring assembly 44 diat provides feedback 
data to an operator abont, as an exan^,le, die position of die beacons 30, die target 
isoceoter 40 and die . machine isocenter 22. The feedback portion 80 is a displ^ 
monitor diat provide pictorial, gr^ddcal, or textoal information to d»e operator. 
Odier feedback portions 80. such as gr^hical display devices, anditory feedback 
devices, or visual feedbadc devices can be nsed in allmi^ In one 

embodiment, die computex conlroller 38 contains imaging data, such as from a CT. 
MRI, or idtrasomd imaging system, durt defines die.shape and size of d^ 
^dun die body 14. TTie imaging data also defines die locations of each beacon 30 in 
or aromid die target 12. Hie con^nter controller 38 uses the imaging data to provide a 
sinndated model of die target, die beacons, and die target isocenter. Tbis simulated 
modd is displayed ondie feedback pariion80 as shownin Figure 11 in phantom lines. 

Tbt simulated model is also displayed overlaying die machine isocenter 22, so die 
simulated target isocenter 40 is coinddentTvidi die machine isocento^^ Ibesimulated 
target and simnlated beacons can also display how die actual target needs to be 
positioned and oriented diree-dimeosionally for die particular radiation dierapy to be 

applied to the target 

The monitoring assembly 44 also receives and display information firom 
die computer controller 38 to show die actual locations of die beacons 30 and target 
isocenter 40 relative to die machine isocenter 22, and relative to die simulated target 
and beacons. Accordingly, die feedback portion 80 aHows die operator to determine 
die actual position of die beacons relative to die simulated beacons, and die target 
isocenter 40 relative to die machine isocenter 22 substantially in real time while die 
patient 16 is on die stqjport table 76 (Figure 1). The patient 16 and support table 76 
can be repositioned until die target 12 is properly oriented for die selected radiation 
iJierapy. 

hi addition to accurately tracking and monitoring die position of die 
target 12 relative to die machme isocenter 22. die system 10 is also usable to monitor 
die status of dietarget.sudiasatumorardie like, ina patienfs body 14 over time. 
Figures 13 and 14 are schematic views showing a tumor 9p m a- body 92. Three 
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bwcons 30 are shown for fliis ernbodiment permanenfly implanted in or adjacent to 
Ihe tmnor 90. Images of ihe tumor 90 and beacons 30 are obtained by CT, MRI. 
Tilirasoraid, or other imaging tedmique over lime. From liiese mnltq)le images of tiie 
tumor 90 and beacons 30, fte posidon of the beacons relative to fte tumor can be 
coii9)ared and tracked. Accordingly, a doctor can use fte beacons 30 in «ie mnhiple 
images as a reference tool to determine whefber ihe tumor has shrunk, grovwi, moved, 
or otherwise changed within die patienfs body. 

As an example, Figure 13 illustrates an image of a tumor 90 in a first 
condition with three beacons 30 inq>lanted Aerem, and Figure 14 illustrates a second 
image offlie tumor taken later in time. The second image shows flie same beacons 30 
m the same location wiflun the patient's body, and firom ihe position of the tmnor 
relative to die beacons, one can see that the tumor has shrunk Thus, doctors can track 
ihe status of tumors or olher targets wifliin the body over ihne to determine, as an 
example, ihe effectiveness of radiation therapy, whether additional treatments are 
needed, or wdiedier a change in tumor growtii has occurred or wheflier ihe radiation 

treatment plan needs to be altered. 

In the embodhnents discussed above, the beacons 30 are described and 

shown as being subcnianeouslyin5)lantedm or next to a target 12. This in^lantatian 
of ihe beacons 30 is performed when needed to ensure that, if ihe target 12 moves, ihe 
beacons will move widi Retarget as a uniL In an alternate embodnnent illustrated in 
Figures 15 and 16, ihe beacons are surfece-mounbed beacons 110 adhered to the 
exterior surfece 112 of ihe patienf s body .14 substantially adjacent to and in alignment 
wifli a target 12, in or on die body. The surface-mounted beacons 110 can be 
removably adhered widi an adhesive, such as tagpe or flie like, in a substantially fixed 
location on fte body's exterior surfece 112 relative to die target 12. These surface- 
mounted beacons 110 are particularly suitable for targets 12 known not to 
. substantially move wiflun ihe body 14 relative to the exterior surfece. The suifece- 
momited beacons 30 are also suitable for use when the targets size or location in the 
body 14 is such ^lat some jnotion of die target isocenter is not critical for effective 
radiation faesapy or treatment Accordingly, die surfece-mounted beacons 110 
provide reference points for accurate aHgnmenl and orientation of die target 12 and the 
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machine isoceoter 22. Alteniatively, beacons 30 may be moxnited on or in patimt 
immobilization devices at known locations relative to flie treatment isocenter. 

The sm&ce-monnted beacons 110 in one embodiment are wireless 
beacons, so that Ihe beacons can remain adhered on Ihe patienf s bocfy 14 after a 

5 radiation treatment session so lhat the patient 16 can come and go from the treahnent 
area without disropting the position of the beacons 110 relative to the target 12. In 
ahfimate embodiments, the beacons 110 remain adhered to tiie patient 16 and are 
connectable to lead wires of a "wired" marker system in the treatment area. The lead 
wires can be discomiected from the beacons 110 to allow the patient 16, to leave the 

10 treatment area wMe the beacons remain fixed m place on the patienf s body. 

The srafiace-moxnited beacons 110 are also nsable to monitor a patienf s 
base-line girth (anterior-posterior and lateral dimensions) during a radiation treatment 
program. The base-line girth measmrements, referred to as patient separations, are 
ioitially obtained by CT, MRI, or physical measurements. Patient separations are used 

15 when preparing a radiation treatnaent plan for the patient. The surface-momxted 
beacons 100 can be utilized alone or in combination witii hnplanted beacons to 
provide data about dianges in the patient sqparations that may occm: during chemo or 
radiofherqjy. Each surfece-mounted beacon 110 has an identifiable initial position in 
space relative to, as an example, the target isocenter or relative to each other. The 

20 sensor array 34 and compute controller 38 are configured to determine Ihe distances 
between each surface-mounted beacon and/or the target isocenter. The computer 
controUa: 38 calculates and monitors the distances, corresponding to the patient 
separations. During the course of radiation treatment, if the patient separations change 
signr&canfly, such as due to substantial weight loss fixmi chemo or radiotherapy, the 

25 treatment plan may become invalid because less patient tissue is available to alternate 
the radiation beam, thereby resulting in higher than plaimed doses of radiation. 

In one embodiment, the surface-mounted beacons 110 are usable to 
jBacilitate and speed 15) patient set-iip procedures before and/or during the radiation 
therapy procedure. The surface mounted beacons 110 are positioned at selected 

30 locations on the patienf s body 14 at known positions. The beacons 110 are excited 
and the locations relative to the sensor array are determined. The beacon^s location 
information can then be used to calculate the Target Sldn Distance or Source Skin 
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Distance, which is tiie distance between the extedor skin of the patient and liie linear 
actaator or the tabletop. The beacons 110 can also be used to determine the tabletop- 
to-isocenter, ^i^ch is the distance between the tabletop to liie beacon or other 
aligmnent Tnfiy ng ^ such as laser cross'-hairs projected on to the patienf s skin. 

5 Accordingly, the sur&ce monnbed beacons 110 can be nsed to antomatioally calculate 
the relevant distances dming the set ig) procedure to quickly determine if the patient is 
propedy positioned in accordance with the radiation therapy treatment plan. 

In ptinfher embodiment, the sra^ace-momited beacons 110 can be used in 
conjunction with one or more beacons 30 implanted in or near the target 12. The 

10 relative location of each beaccm 110 or 30 can be calculated and used for any 
combination of patient set-up, target locating, target positioning, target motion 
traddng, and/or target evakatian, as discussed above. 

The system 10 is also adapted for use in an automated patient setup 
process prior to delivery of the radiation therapy. The automated setiq) process of one 

15 embodiment is shown schematically as a flov^ chart in Figure 17. In this patioit setup 
process, the tumor or other target in the patienf s body is identified (reference block 
150). Images of the target are obtained (reference block 152), such as by X-rays, CT, 
MRI, nuclear, or ultrasound imaging. The doctor and/or technicians then detemiine a 
treatment plan for flie particular tumor (reference block 154). One or more beacons 

20 are implanted in or on the body in selected positions relative to the target {reference 
block 156), and the location of the treatment isocenter relative to the beacons is 
determined or calculated (reference block 158). 

The patient is positioned on the movable support table so the target and 
beacons are generally adjacent to the sensor array, (reference block 160).. The 

25 excitation sonrce is activated to energize the beacons (reference block 162), and the 
^ . sensors measure the strength of the signals from the beacons (referooce block 164). 
The computer controller calculates location of the beacons and the target isocenter 
relative to the sensor array and tiie machine isocenter (reference block 166). The 
conq)uter compares the position of the target isocenter and machine isocenter 

30 (reference block 168), and if the two isocenters are misaligned, the computer 
automatically activates the control system of the support table to move the tabletop 
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relative to flie macte isocenter unffl Ihe target isocenter is comcidfiirt wilii Ihe 
machine isocenter (reference block 170). 

la one embodiment, flie conqrater conttoller also detennines flie position 
and orientation of &e beacons relative to the position and orientation of simnlated 
beacons. If tiie beacons are not properly aKgned and oriented wifti the sinmlated 
beacons. ^ snpport table is adjusted linearly and angularly as needed for proper 
beacon alignment Ibis beacon aligmnent properly positions tiie target volume along 
6 dimensions, namdy X. Y. Z. pitch, yaw. and roU. Accordingly, the patient is 
antomatically positioned in tiie correct position relative Id the machine isocenter for 
precise delivery of radiation tiiera?>y to flie target 

In one embodiment of ftiis antomatfid setxap process, tiie compnter 
restiicts Ihe radiation delivery device &om delivering flie radiation beam imtil fte 
target isocenter is coincident with the machine isocenter. Tbe compnter monitors flie 
position of the target isocenter daring deHvery of tbe radiation treatment (reference 
block 172). If flie target isocenter^s position is outside a permitted degree or range of 
dislocation, liie conqrater interrq>ts tiie delivery of liie radiation isocenter (reference 
block 174). Ite conq>utEr can ihen aDtomatically reposition Ihe labletop and tiie 
patient (as a nnit) so Ihe target is properly positioned wifli tiie target isocenter and is 
coincident mtiitiie machine isocenter (reference block 176). and the radiation tiierapy 
can be reactivated for continued irradiation of the target (reference block 178). If Ihe 
deUvery of tiie radiation tiierapy is not yet completed (reference block 180), tiie 
process returns to reference block 172 to monitor tiie largetfs position relative to tiie 
machine isocenter as the radiation is bemg delivered. Accordingly, adjustments can 
be made antomatically to ensnre tiiat tiie radiation is accurately deHvered to tiie target 
without requiring a large margin around flie target 

Altiiough specific embodiments of, and examples for. tiie present 
invention are described herein for iUustrative purposes, various equivalent 
modifications can be made witiiout departing from tiie spirit and scope of tiie 
invention, as wiU be recognized by tiiose skilled in flie relevant art Tbe teachings 

provided herem of flie aspects of flie ^esent invention can be appKed to locating, 
monitoring, and tieating a target wiflun a body, and not necessarily limited to flie 
illustrative radiation treatment of flie tinnor in flie body as described above. 
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In general, in the foUowing claims, the tenns used should not be 
conslmed to Hmit Ihe invention to liie spedfic embodiments disclosed in liie 
specificalion and flie claims, but should be canstrued to inchide all target locating and 
monitoring systems lixat operate in accordance wifli Ihe claims to provide apparatus 
and me&ods for locating, monitoring, and/or ttaddng Ihe position of a sdected target 
within a body. Accordingly, the invention is not limited, except as by tiie jq)pended 
claims. 
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CLAIMS 

We dam, 

1. A iJtfget locat^ and irackii^ systm 
deKvery source fliat delivCTS ladiaticm to atarget in a body, the radiation being delivered to a 
predetermined volume configured around a machine isocenter spaced q)art from Ihe 

radiation delivery source, comprising: 

a beacon fixable at a position rdative to iJie target in the bo^. flie beacon 
bemg excitable by an external excitation source to produce an identifiable beacon signal 
fixjm flie beacon "while in Ihe bod)^ 

sensors spaced ^art from each olher .in a known geometry relative to each 
oflier and positioned to identify tiie beacon signal fiom Ihe beacon, Ihe sensors being 
configured to measure tiie beacon signal and to prbvide beacon measurement signals; 

a reference device positionable at a sdected position relative to the radiation 
tiierapy deUvery source and ihe machine isocenter. the reference device confignied to 
produce a reference signal measurable by a plurality of tiie sensors; and 

a data processmg unit coupled to die sensors to receive the beacon 
measurement signals, die dala processing unit being configured to use the beacon 
measurement signals to detennine the location of the target volume ^vitii a target isocenter 
and the location of die reference device relative to the pluraHty of sensors, and flie data 
processing mift being configured to identify die location of the target isopenter relative to the 
machine isocenter. 

2. The target locating and tracking system of claim 1, finiher comprising a 
pbrafity of beacons implantable in flie body, each beacon being excitable by die excitation 
source to produce a uniqne beacon signal measurable by the plurality of sensors. 

3. The target locating and tiackmg system of claun 2 wherein tiie plurality 
of beacons mdudes at least tinree beacons. 
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4. The target beating and Iraddngsystm of claim 3 
are each axially misaligDed wLlh eadi e&er. 

5. ihe target beating and tracldng system of chm 

signal fiom each beacon has a nniqae fiequency different from the frequency of other beacon 
signals. 

6. Ihe target locating and liacldng system of claim 1 wherein the beacon is 
a wireless beacon implantable in the bo(fy; 

7. The target locating and tracking system of claim 6 -wdierein the data 
processing unit is configured to deteraiine the position of flje target isocenter relative to the 
sensors. 

8. llie taiget locating and tracking system of claim 1 wherein Hie beacon is 
permanenlly implantable in liie body. 

9. Tbe target locating and tracking system of claim 1 Therein Ihe beacon is 
a single-axis, resonating beacon. 

10.. The target locating and tracking system of claim 1 wherein 
a wireless beacon. 

11. . The target locating and tracking system of claim 1 \^iierem tiie 
keference device is measurable by a plurality of sensors. 

12 The target locating and tracking system of claim 1 wherein flie data 
processing miit is configured to determine the location of tiie machine isocenter relative to 
the phirality of sensors and relative to the treatment target isocenter based vpon tiie signal of 
the linear accelerator reference. 
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13. Hie taiget locating and tracking system of claim 1, forflier con^irising 
an excitation source remote from the beacon and coiifigured to 

fliat eoBigizes Ihe beacoxL 

14. ITietoget locating and tiacldng system of claim l^ein&eplo^ 
of sensors me fixed to a base in tiie knowa geometry to form a sensor airay. 

15 . Hie target locating and traddng system of claim 1, forflier comprising a 
patient si^ort stmctore shaped and si«d to support tbe body, the plmality of sensors is 
mounted to flie patient siqjport stmctore. 

16 TTie target locating and tracldngsysim of claim 15 vtoin&e^^ 
structure has a base and a tabletop, tiie base being in a fcced location relative to lie sensors 
and flie tabletop being movably adjustable relative to the sensors. 

17. The target locating and tracking system of claim l.&rfliarw^^ 

monitoring system coi^led to the data processing unit, 4e monitoring system having a 
feedbadc portion configored to provide feedback information about the posi 

isocenter and the machine isocenter relative to each other. 

18. The target locating and traddng system of claim 17 herein the 
feedback portion is a visual disphy. 

19. The target locating and traddng system of claim 17 whereinihe data 
processing unit and monitoring system are configured to identify and display movement in 
real time of the target and machme isocenters relative to each other. 

20. The target locating and tracking system of claim l^intiie beacon is 
one of a pluraHty of beacons axially misaligned mlh each other, and tiie data processing unit 

' is configured to identify a tfaree^ensional spatial position and orientation of the target 
idative to tibe plurality of sensors and the madune isocenter. 
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21. The target locating and tracking system of claim 1 -wiierein the r^srence 
device is at least one excitable beacoa mpnntable to the radiation therapy delivery source. 



22.. The target locating and tracldngsj^tem of daim l'wherem 
device is out of physical connectian with tiie phnalily of sensors and the dataprocessing imit 
to provide a w&eless interconnection tiierebetween. 

23. A target locating and monitoring system usable "with a radiation therapy 
delivery sonrce that delivers radiation to a target in a body, die radiation being delivered to a 
treatment vQlnme determined by a machine isocenler spaced apart ftom the radiation therapy 

delivery soiirce, conpising: 

a plurahty of beacons fbcable on or in &e body at a Imown geometry relative to 

each other and relative to the target, the beacons each bemg excitable by an external 
excitation source to produce an identifiable beacon signal from the beacon while in die body, 

sensors spaced apart from each otiier and positioned to measure tiie beacon 
signals from die beaconseach sensor bemg configured, to provide beacon measinrement 
signals fisr one or more of thebeaccms; 

a reference device positionable at a selected position relative to die radiation 
ddrveiy source and the macbine isocaiter, and 

a data processing unit coupled to flic sensors to receive • die beacon 
measurement ^gnak from the sensors, die data processing unit being, configured to use die 
beacon measurement «Hgn»ik to detennme die location of die target vohime having a target 
isocenter relative to die plurality of sensors, and die data processmg unit being configured to 
identify die location of die target isocenfcer relative to die rnachiiie isocenter. 

24. The target locating and momtormg srystem of chum 23 wherein die 
signal from eadi beacon has a measurabk sigoal, and each sensor measures die signal from 

at least one of die beacons, die computer controller being configured to detectnme flie 
location and/or spatial orientation of die tmget widiin die body based upon measurable 
signals. 
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25. The target locating and monitoring system of claim 23, far&fir 
comprising an excitatioii source remote from tiie beacons and configmed to operate an 
exdtatlQa frdd liiat energizes the beacons. 

■ 26. The target locating and monitoiing system of claim 23 \niifirein flie 
plaralily of sensors arc fixed to a base to define a sensor array positionable as a nnit at a 
selected po^on remote from the beacons. 

27. The target locating and monitoring system of claim 23, forfher 
can?>rising a patient support structure shaped and sized to support the body, the plnrality of 
sensors being in a fixed position relative to a portion of the patient siq)port structure. 

28. The target locating and manitoring system of claim 27 Tvhfirein die 
patient support s lr o ct n re has a base and a tabletop. 

29. The target locating and monitoring system of claim 23, fimher 
comprising a monitoring system coupled to die computer controller, ihe monitoring system 
having a feedback portion configured to pro\dde feedback information about die position of 
die target isocenter and die machine isocenter relative to each odier: 

30. The target locating and monitoring system of claim 29 \»herein die 
feedback portion is a -visual dii^lay. 

31. The target locating and monitoiing system of claim 29 whcrem die 
computer controller and monitoring system are confignred to identify and display movement 
in real time of the target and machine isocenters relative to each odier. 

32. The target locating and monitoring system of claim 23 wherein die 
plurality of beacons includes at least dnee beacons. 

33. The target locating and monitoring system of claim 23 wherein die 
plurality of beacons are axially misaligned widi each other. 
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34. A radiatLon flierapy delivery system usable to izradiate a selected target 
wifhin a body, cornprising 

a radiatLon delivery assenibly flxat delivers radiation from a radiation tiierapy 
delivery source to a machine isocenter spaced j^art from the radiation delivery somx^; 

a beacon fixable in or on the body at a position relative to llie target, die 
beacon being excitable by an external source to produce a measurable beacon signal wbile in 
file body; 

a plurality of sensors spaced apart from each other and positioned in a known 
geometry relative to each otiier, the sensors being configured to measure the beacon signals 
and generate beacon measurement signals; 

a reference device coupled to the radiation therapy delivery source and 
positioned remote from the machine isocenter; arid 

a data processing unit ' coupled to the sensors to receive the beacon 
measurement signals, flie data processing unit beiiig configured to use the beacon 
measurement signalg to detennine the location of the target volume having a target isocenter 
and the location of the reference device relative to the plurality of sensors, and the data 
processing unit being configured to identify the location of the target isocmter relative to the 
machine isocenter. 

35. The radiation deUvery system of claim 34, frirthercoii^^ 

of beacons implantable in the botfy, each beacon being excitable by the external source to 
produce a beacon sigrial measurable by the plurality of sensors. 

36. The radiation delivery system of claim 35 whorein the beacon signal 
fix)m each beacon is a unique signal different from the other beacon signals. 

37. The radiation delivery system of clann 35 wherem each beacon signal 
has a frequency different from the fi:equencies of other beacon signals. 
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38. The radiaticm deKveiy system of daim 35 wherein tiie beacon signals 
lias a ognal strengfli. and the dato processing unit calculates the spatial location of fte 
beacons and taiget isocenter based "Dpon the beacon signals. 

39. The radiation deHvery system of claim 34 wberdn fee reference device 
is mounled on the radiation ddivery assembly and provides a reference signal measurable by 
^le sensors. 

40. The radiation delivery system of claim 34 wherdn the reference device 
provides a signal measurable by the plurality of sensors, flie data processing unit is 
coiq)leable to the linear accelerator reference device and the data -processing unit is 
configured to identify ihe location of the machine isocenter relative to the plurality of sensors 
based iq>on the measuremoits of the reference signal. 

41. The radiation deUvery system of claim 34, forflier comprising an 
excitation source positionable exberior of the body and configmred to excite die beacon to 
produce die beacon signal. 

"42. The radiation deUvery system of claim 34 wherein the phffality of 
sensors defines a sensor acray positionable as a unit relative to the beacon. 

43. The radiation delivery system of claim 34, further comprising a patient 
support structure shaped and sized to support the body in which the beacon is in^lanted. and 
the sensors are mounted in a fixed location relative to a portion of the patient structure. 

44. The radiation delivery system of claim 34 wherein tiie patient support 
structure has a base and a tabletop movably adjustable relative to the sensors for positioning 
the target isocenter co-incident with tiie machine isocenter. 

45. The radiation delivery system of claim 34, fialher comprising a 
monitoring system having a feedback portion coiq)led to tiie data processing unit and 
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cosfigored to provide feedback isfonnffliQii dbovt fti6 positLon of the machine isocenter and 
tlie target isocenter relative to each oflier. 

46. The radiation delivery system of claim 34 "wherein Ihe beacon is one of 
a plurality of beacons, iJie beacdns each being axially misaligned witii each other, and the 
computer controller bemg configured to calculate a three-dimensional spatial position and 
onenlation of die target relative to Ihe plurality of sensors. 

47. The radiation delivery system of claim 34 wherein the radiation fherqjy 
delivery source includes a movable gantry, and the reference device is mounted on the gantcy 
at a position spaced iqpart fixmi the plundity of sensors. 

48. The radiation delivery sj^stem of claim 34 wherein the reference device 
is a wireless exdtable beacon mounted to the radiation dierapy delivery source. 

49. The radiation delivery system of claim 34 wherein the radiation therapy 
delivery assenibly is one of anintensity modulated radiation therapy (IMRT) system, a three- 
dimensional conformal external beam radiation system, a stereotactic radiosurgery system, 
tomo therapy and a brachytherapy system. 

50. The radiation delivery systm of claim 34 wherein the data processing 
unit contains visual diagoostic.data identifying the location of the beacon and the location 
and orientation of the target, the data processing unit being configured to coii5)are the visual 
diagnostic data to the location and spatial orierrtation of the target witiiin the body relative to 
the plurality of sezisors and to identify a target isocenter within die target prior to application 
of radiation treatment to the target 

51. A radiation treatment system usable tx) deliver ionizing radiation to a 
selected target wzthm a body, coiupiising: 

a.movable gantry configurable to deliver the ionizing radiation at a treatment 
isocenter remote fixmi die gantry^ 

31 ■ 



PCT/US02/17876 

WO 02/100485 rv-i/uo 

a beacon fixable at a position rdative to &e target wiflim fte bo^, fbe beacon 
being exritable by an external source to produce a measurable beacon sigial -wiule in the 
body, 

sensors spaced apart in a known geometry relative to each other and positioned 
to measure ^ beacon signal, eadi sensor being configured to measure the beacon signal 

provide a beacon measurement signal; 

a linear accderator refaCTce device mounted on liie gantry at a 1^ 

relative to tiie machinfi isocenter, and 

a oon^rater conlroller coiqiled to the sensors to receive the beacon 
measurement signals and configured to use flie beacon measurement signals to deteraiine Ihe 
location of the target volume and a target isocenter in the target votamerdative to the 
sensors, and tiie computer controller being coupled to the reference device and configured to 
identify the location of tiie target isocenter relative to tiie machine isocenter. 

52. The radiation treatment system of claim 51, further comprisi^ 
sq)port structure shaped and sized to support flie body in which the beacon is rmphnted, and 
the sensors are moimted in a fixed location relative to a portion of tiie patient support 
structure. 

53. The radiation treatment system of claim 51, fijrflier con:q)rising a 
monitoring system coiq^led to tiie computer controller, the monitoring system having a 
feedback portion configured to provide feedback information about the position of tiie 
madune isocenter and tiie target isocenter relative to eadi otiier. 

54. The radiation treatment system of claim 43 wherem flie computer 
controUer and monitoring system are configured to identify and display real time movement 
of tiie target and machine isocorteis rdative to each other. 

55. The radiation treatment system of claim 53, wherem the computer 
conhoJler contains imagmg data idendfying tiie location pf tiie beacon and tiie location and 
orientation of flie target, tiie conqraler controller being configured to conqiare tiie imagmg 
data to tiie location and spatial orientation of tiie target witiiin the body relative to tiie 
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phiralily of senscas aiui to identify a target iscK5^^ 
Tft<!i^nfn tT cat"'g"t tn Ihft target 

56. A radiation target alignmftnt sys^ usable wifli a radiation delivery 
source liiat delivers selected doses of radiation to a selected target in abody, comprising: 

an itnu gmg system configured to obtain image data of die tmget and at least 
one beacon positioned wifliin fte bo^, and to define a simulated target niodel having a 
spatial lelationshq) and orieDtatian -wiliiin tiie body using the image data; 

a beacon wn planfaW e in or on the body at a sdected position relative to tiie 
target, liie bracon being excitable by an ractetnal source to produce a measurable signal yMft 
in the bodjr, 

a plurality of sensors spaced apart in a known geometry relative to each other 
and positioned to identify tiie signal &om the beacon in tiie body, each sensor being 
configured to measure tiie beacon signal and provide a beacon measurenient signal; 

a data processing unit cdiqjled to the sensors to receive tiie beacon 
measurement signal for the beacon, the data processing unit being configured to use the 
beacon measurement signal and the image data to determine an actual target model of tiie 
target's actual location within the body relative to the plurality of sensors, and to identify a 
target isocenter within the target, the data processing unit being configured to conqjare and 
align die actual target model and the sinralated target model in preparation for radiation 
treatment of die target 

57. Tie ridiation target atigranent system of clann 56 wherem in the beacon 
is one of a phnality of beacons attachable to the body, and each beacon generate a unique 
measurable fa gn«1 different fiom&e other beacon signals. 

58. The radiation target alignment system of claim 57 ^vibexan die phnality 
of beacons includes at least tinee beacons. 

59. The radiation target alignment system of claim 57 wheremflie phnality 
of beacons eadb. axialfy misaligned wxdi each othisr. 
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60. Ilie target locating and iraddngsystm of cl^ 

is one of a plurality of beacons, and the beacons each being axially misaligned vnAx each 
oflier. file data processing mat being configured to identify a fiiree-dimensional spatial 
position as wen as oiientidionof fiie target relative to fiie plnrality of sensors. 

61. The radiation target alignment system of daim 56 wifii fiie radiation 
delivery sonrce adapted to deliver radiation to a machine isoceoler spaced ^art from fiie 
radiation delivery sonrce, ydierem fiie data processing nnit is configored to identify fiie 
location of die machine isocenter relative to die actual target isocenter. 

62. The radiation target aligmnent system of claim 56, ferflier comprising a 
monitoring system coi?)bd to die data processmg nnit. die monitoring system having a 
display portion configured to display die position of die machine isocenter and die actual 
target isocenter relative to each odier. 

63. The radiation target aHgnment system of claim 62 wherein file data 
processing unit and monitoring system are configured to identify and display real time 
movement of die target and machine isocenters relative to each odier. 

64. An adjustable patient support assembly for use wifii a radiation defivery 
system fiiat delivers radiation to a selected target in a body, flie radiation being delivered to a 
machine isocenter spaced apart firom die radiation dehvery source, comprising: 

a base; 

a support structure attached to die base; 

sensors spaced ^art from each odier in a known geometry relative to each 

ofiier and coupled to fiie base, die sensors bemg positioned to measure a signal from an 

excitable beacon in^ilantable in flie body at a selected position relative to die target, each 

sensor bemg configured to provide signal measurement dat^ 

a data processing unit coiqiled to file sensors to receive die signal measnrema^ 

data for tiie beacon, die data jffocessing unit being configured to nse flie signal measurement 
data for fiie beacon to determine fiie location of fiie target and a target isocenter hi fiie target 

34 



PCTAJS02/17876 

WO 02/100485 

) 

relative to the sensors, die data processing unit being configured to identify flie location of 
die target isocenter relative to the machine isocenter, and 

a movement control device connected to the sappoA structure to selectively 
move die support structure rdative Id die base and &e censors, the movem^ 
coupled to die data processing nnit and bemg movable in response to die infomudion from 
die data processing unit to position die target isocenter co-incident vn&i die machine 
isocenter. 

65. A mediod of identifying and tracking a selected target in a bo^ for 
^cation of radiation 10 die target fixm a radiation ddivety source, conqa^ 

detennining a generallocation of die target in die body, 

implanting a beacon in die body at a sdected position relative to die target, die 
beacon being excitable by an external excitation source to produce an identifiable beacon 

signal while in die bo^, 

ejcdting die implanted beacon widi die external excitation sonrce to produce 

the identifiable beacon signal; 

measuring die beacon signal from die implanted beacon widi sensors exterior 
of die body, die sensors bemg positioned at a knovm geometry relative to each odier, 

determining a target isocenter in die target widiin die body based Tipon die 
measurements from die sensors of die beacon signal; 

determining a position of a reference device relative to die phirality of sensors, 
die reference device bang located at a kiown geomeHy relative to die radiation delivery 
device; 

determining die location of a machine isocenter relative to die plurality of 
sensors based iQ)on die position of the reference device; 

positioning die body relative to die radiation delivery device widi die target 
isocenter being coinddent widi die inachine isocenter, and 

applying radiation from die radiation deUvery device to die machine isocenter 
and the target at the tai^ isocenter. 
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66. The mefliod of claim &e 65, fortiier comprising: 

implanting a plraality of beacons in Uie body at a selected positions and 
orientatioiis idath^ to Ihe target, eadi beaccm bei^ 
source to prodnoe an identifiable beacon signal mique to the 

rarating &e in^lanted beacons iwilii flie external excitatirai source to prodnce 

the identifiable imique beacon signals; 

measuring tiie beacon signals firom each of ihe mphaOed beacons wifti Ihe 

sensors exterior of the body; 

determming a location of tiie target isocenter in Ihe target wilhin the body 
based upon ftfi measDrements from Ihe sensors of the beacon signals. 

67. Hie mefliod of daim 65, further conqirising determining flie location 
and orientation of the target m flie body relative to the sensors. 

68. The method of claim 65 wherein the beacon generates the beacon signal 
having a signal strenglii and measuring tiie beacon signals includes measuring the beacon 
strength 'wifli each sraisoi. 

69. Ilie method of claim 65, further comprising providing a monitoring 
system coupled to a computer controller . and providing feedback from tiie cou^mter 
controller to the monitoring system about flie position of flie machine isocenter and flie target 
isocenter relative to each other. 

70. The mefliod of clahn 69 wherein flie monitoring system includes a 
visual display portion, and providing feedback includes providing a visual representation on 
flie visual display portion of flie positions of flie target and machine isocenters relative to 
eachoflur. 

71. The mefliod of claim 65, further conqdsing implanting at least floee 
beacons in flie hoiy at selected positions relative to tiie target, each of flie at least fliree 
beacons being axially misaligned with eadi oflier. 
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72. The nidiiod of daim 65 fiirtSier csoirprising positioniiig tiie body at a 
selected locatioa generally a^aceot to Ae radiation delivery source, and wheiein measuring 
lie beacon signa], detenmning a location of the target isocooter, detennining the location of a 
machine isocenter, and positioning the body relative to the radiation delivery device so tiie 
target isocenter being coincident -with die machine isocenter are performed in real time prior 
T^Me the bo^ is positioned at die selected location generally adjacent to tbe radiation 
deliveiy device. 

73. Ihemfifliodof claim 65 wherein die target is a tinnor, and implanting 
ihe beacon inchides jmpli^tmg die beacon in or iimnediatety adjacent to die tinnor, and 
determining die location of die target isocenter includes determinmg a location of die target 
isocenter in the tumor. ' ' 

74. The meftiod of claim 65 wherein die sensors are mounted to a movable 
sqyport table diat siqjports di& body generany adjacent to die radiation deHvay device, and 
positioning die body includes moving a portion of die support table relative to die radiation 
deUvery device and to die sensors to atign die target isocenter wi± die niachine isocenter. 

75. . The mediod of claim 65, further comprising monitoring die position of 
die target isocenter relative to die machine isocenter in real time during irradiation of die 
target, and interrupting die . irradiation of die target if die target isocenter moves but of 

76. A mediod of delivering radiation dierapy on a selected target widim a 
body, con^nismg: 

rnipiatifing a bcacon in die body at a selected position relative to die target, 
exciting die implanted beacon witii an ejcdtation source external of die body to produce an 
identifiable beacon signal; 

measuring die beacon signal firan die inqilanted beacon widi sensors 
positioned exterior of die body and at a known geometry relative to eacb odier, 

determining a target isocenter in die target widun die body based vpan the 

measurements from die sensors of die beacon signal; 
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detemmiiog fte lootion of a madiine isocenter of a radiation ddi«.y 
assembly relative to phira% of sen«^ W opon to posto 

devic5eand idadve to the target isocenter, 

posidoning the body relative to Ihe radiation deHvery device so the target 

isocenter is co-inrideait yn&fte nMchine isocenter, 

applying radiation fiom fte radiation delivery device to ta^^ 

isocenter and liie machine isocenter, and 

monitoring in real-time fee actual position of the target isoce^ 

madiine isocenter daring application of flje radiation to tiie target 

77. A radiation treatinent planning method for establishing a liier^eutic 
procedme for delivering ionizing radiation to a selected t^^^^ 

obtaining imagmg data a selected target vvitiiin a body; 
i„q,lantinganeKcitablebeaconintiiebodyataselectedloc^^^ 

^^"^ exciting tbe implanted beacon mtii tiie external excitation sonrce to Fodnce 
the identifiable beacon signal from tiie beacon whfle in tiiebodr. 

measuring tbe beacon signal from die implanted beacon ynfli a plm:alrty of 
sensors exterior of the body, die sensors being positioned at a known geome^ relative to 

toiai^ a sh^ and spatial fliienWiou of to target ™to 

die imasiT^g data; . , ^ . ^ 

determining a target isocenter in die target within die body based i^on die 

measmements from die sensors of die beacon signal; and 

developing a radiation dosage and deUvery protocol for irradiating die target at 
the target isocenter based iq»on die shape and spatial orientation of die target 

78 The method of claim 77, fordier comprising: 

positioning die body widi die target and implanted beacon dierem at a selected 
position relative to a radiation delivery assembly, die radiation deUvery assembly bemg 
c^guredtoselectivelydeHver focused radiationtoatarget isocenter spaced 

radiation deEvery assembly; 
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detennining the tecatiaa of a machine isocenter relative to the pluralily of 

sensors; 

posidoimig the body relative to tixe radiation delivery device -with the target 
isocenter "being substantially co-incident wifli the machine isocenter, and 

delivering the radiation from tiie radiation delivery assembly to the machine 
isocenter and to the target at the target isocenter. 

79. The mefljod of daim 77, fiirflier comprising defining a toee- 
f^imRngifnifll siimilated target model wifli a sdected position and orientation relative to the 
body based rpon tiie itna gng data; and defining an three-dimensional actual target based 
xtpaa the measurements of the beacon signals, providing a feedback device that provides feed 
back information about flie location and orientation of the simulated target model and fee 
actual target model, and moving tiie body to align orientation of the target and actual modek 
prior to tiiB delivery of tiie radiation to the tar;^ 

80. A method of positiorring a body relative to a radiation delivery device 
for deliveiy of radiation to a target witiiin the body, ccanprismg: 

positioning iJie body on a movable siq)port assembly 

exciting an excitable beacon wifli an excitation source exterior of the body, die 
beacon being implanted within the body at a selected position relative to the target, flie 
excited beacon providing an identifiable beacon signal; 

measuring flie beacon signal from the implanted beacon with a plurality of 
sensors exterior of flie bo^, the plurality of sensors being positioned at a known geometiy 
relative to each other and relative to the siqiport assembler, 

determining a target isocenter hi fee target wifliin the body based vpoa the 
measurements from &e sensors of the beacon signal; 

deteiminii^ the location of a machine isocenter relative to tiie plurality of 
sensors based upon the position of the radiation delivery assembty; 

cgnq)aring tiie location of the target isocenter witii tiie location of tiie machine 

isocenter; and 

moving a portion of tiie support 
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partkm and Ihe body togeflier relative to Ihe machme isocenter to positian Ihe 
target isocenter co-incident wrfli the machine isocenter. 

81. Hie mefliod of daim 80, wherein Ihe phnalily of sensras being 
connected to tihe support assenibly, and moving flie portion of ihe support portion inclndes 
moving Ihe portion of ihe si^port portion and ihe body togetiier relative to flie ptaralily of 
senscHS. 
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